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PREFACE

This report was prepared by the Flight Safety Foundation, Inc.,
New York, N. Y under NASA Contract No. 33-026-001 as the 1965
part of FSF Project CAT, to assist NASA in keeping abreast of
research and development projects directed toward the alleviation
of problems posed by flight in clear air turbulence (CAT). '

The contents of this report are the result of conferences and
corresponsence with government agencies, research institutes,
manufacturers, airline accounting, safety and meteorological
departments, and the science and engineering departments of
universities.

Many articles, scientific reports and manufacturers proposals
covering all phases of Project CAT were reviewed by the people
working on this project. Direct conferences and interviews were
found necessary to develop the detail information for a compre-
hensive understanding of the work being done by many of the
organizations.

The individuals who participated in this project are:
Dr. Paul Rosenberg - Consulting Physicist; Mr. Henry T. Harrison -
Consulting Meteorologist: M. Gould Beard - Director, Flight
Operations Research, FSF: and Jerome Lederer - Vice President and
Technical Director, FSF.
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FOREWORD

Swept-wing jet transports started operation late in 1958. Within
a few months there were reports of turbulent air penetrations in
which moderate to severe turbulence was encountered. Twenty of
these. which cccurred in the four year period from 1960 through

1963, were analyzed in Project "Upset'". Eight of the twenty
occurred when the aircraft were on instruments in clouds at time
of upset. Six were 1n convective areas, but in the clear between
cumulus clouds or between cloud layers. Four were 1in clear air
with no associated convection activity. 1In two instances the

conditions were either not clearly stated or were unknown.

Fifty percent of these upsets were in clear air where the

X- or (- band weather radars installed on transports could not
help the pilot avoid the turbulence. Some of the most severe
turbulence, which had drastic effects on passengers, structure or
control of the airplane, occurred in convective areas when the
aircraft were flying in the clear at altitudes between 4,000 ft.
and 30,000 ft. Military swept-wing jet aircraft flying at
altitudes above 40,000 ft. also have experienced moderate to
cevere turbulence in clear air outside of convective areas. It
has been established that clear air turbulence will be ex-
perienced b; the supersonic transport.

The number of CAT incidents of drastic nature occurring to
1ransport planes reached a peak in the fall of 1963. The airline
industry had become aware of the trend and had taken several
corrective actions. Meteorological forecasting of CAT was im-
proved, providing the pilot more opportunity to avoid turbulent
areas or to prepare for turbulence penetrations. All pilots
were given a briefing concerning the action of swept-wing
high-speed transports in severe turbulence, and the best methods
of controlling them in turbulence. Instruments were modified to
portray clearly the attitude of the aircraft at large departures
from h:rizontal.

In 1964 there were fewer drastic incidents and in 1965 there
were only three reported to this Project by the airlines, the
FAA and the CAB.

The large number of drastic CAT penetrations during the years
1962 through 1964 accelerated the efforts of the Air Force, FAA,
Weather Bureau, Navy and the airlines to develop a CAT detector.
The need for, aund possibilities of, developing a CAT detector
had been discussed in 1949 by the NACA (now NASA) Committee on



Operating Problems. In 1962 and 1963 several Government-funded
study and research projects were started, and several "in-house"
projects were conducted within 1industry toward development of a
good CAT detector.

These activities became so widespread and numerous that NASA
considered 1t advisable to fund a project for ascertaining and
reporting on all the activities 1n this field throughout the
country on a coantinulng basis. as an i1nformation service to the
divisions of NASA. to other gover .ment agencies interested 1in
this field and to the organizations within industry working in
this field.

The Flight Safety Foundation was awarded Contract NSR 33-026-001
by NASA 1n November 1964 and work began in December. 1964,

The literature available on CAT forecasting, literature on the
nature of the fine-scale structure of the atmosphere and ex-
perimental devices proposed for CAT detection were studied.

To obtain 1nformation about development projects. it was decided
to poll the instrument and electronic industry and research
organizations by form letter ‘reproduced on page 5 of this re-
port:. Based on the replies received from this letter visits
were scheduled to 1nterview the organizations which had 1n-
dicated active projects and 1nterest in the development of CAT
detectors, or that had instruments they considered adaptable to
CAT detection or which were working in the meteorological field
of CAT. Frequently these conferences developed information
about projects as yet unpublished. Much of the information
discussed was labeled “proprietary' and has been reported 1in
confidence to NASA. Often we were given reports, brochures and
other literature about detection devices which required con-
siderable time to read and condense into the brief statements
appearing in this report. Most of the visits were made by

Dr. Rosenberg and Mr. Beard jointly. Some were made by

Mr. Lederer and Mr. Beard. The meteorological studies were made
by Mr. Harrison. When this project became generally known the
Flight Safety Foundation was asked for papers and to give talks
on the subject. Several were given, as listed later 1in this
report.

During the year most of the people and organizations working in
the field of CAT, 1ts forecasting and detection were person-
ally contacted and generally were most cooperative. Except in
a few instances, there has been insufficient time to make
repeat calls. However the organizations not contacted on the
first round will be visited first on the second year s renewal
of the project.

2
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One of the objectives of this contract was to evaluate the CAT
detection devices as to suitability for airline use. This was
impossible at this stage of development as only three principles
of detection had even been flown in their research configurations
and the results of the preliminary flight research of each pro-
ject has been 1inconclusive. At this writing there are no CAT
detectors which can be considered sufficiently developed for such
an evaluation. Until more accurate indications of the range,
reliability of indication, freedom from false warning, size,
weight, cost and requirements for location on the airplane are
available, it will be impossible to make an evaluation of the
relative suitability of the various detection devices for airline
use., In fact, at this stage of development of any of the deviceg,
such an evaluation could unfairly curtail development of
principles of detection which eventually might prove to be ex-
cellent.

The authors and consultants on this project deeply appreciate the
cooperation of the organizations visited and the help and
assistance of the personnel in the various government agencies
interested in this project, which include NASA, U. S. Air Force,
U. S. Navy, U. S. Weather Bureau, FAA and CAB.

M. Gould Beard, Director
Flight Operations Research
Flight Safety Foundation, Inc.
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CLEAR AIR TURBULENCE

Objectives and Scope of Contract

To assist NASA in keeping abreast of research and develop-
ment projects directed toward the alleviation of problems
posed by flight in turbulence.

To list and critically evaluate on a continuing basis,
current projects related to:

(1) Forecasting of turbulence
{2) Detection of turbulence

(3) Devices for indicating turbulence with particular
emphasis on clear air turbulence (CAT), and

(4) To prepare a list of incidents involving turbulence,
including their effect on airline operation.

Poll of Industry for Information about
Development Activities on CAT Detection

Visits were made to NASA, the Air Force, the Weather Bureau,
the FAA, and the Office of Naval Research about research
and development contracts which are active in the field of
atmospheric turbulence. The progress of these projects was
followed as a part of this contract. However, it was felt
that there might be other developments not on record with
Government agencies. To obtain information about these,

the electronics and instrument industry was polled with the
following letter:



ITa. Form letter to poll industry and research organizations.

26 February 1965

Name
Address

Subject: Clear Air Turbulence (CAT)
NASA/FSF Contract NSR 33-026-001

The National Aeronautics & Space Administration (under
Contract NSR 33-026-001) has assigned to the Flight Safety
Foundation the responsibility for keeping NASA abreast of
research and development projects relating to clear air
turbulence (CAT).

As one of its tasks, FSF has been directed by NASA to list
and critically evaluate, on a continuing basis, current
developments of equipment, instruments and methods for
advance detection, warning and forecasting of CAT. ~

The purpose of this communication is to ask you to advise us
of any developments which your organization has completed or
is now conducting along these lines; and to request that you
send us all available relevant technical reports and infor-
mation (at no cost to FSF, NASA or the Government). Pro-
prietary rights will be respected by FSF and NASA, and
technical reports and information will be kept in confidence,
if you so stipulate.

If information concerning your projects is classified, please
advise us accordingly, so that we may arrange for appropriate
clearance. If pertinent documents are classified, please
give us thelr full designations, degree of classifications,
and name of the agency having cognizance over their dis-
tribution.

In the event you have no relevant projects to report, please
notify us to this effect.

nt



Please direct your reply, as well as any questions you may

have, to Mr. M. G. Beard, Director of Flight Operations Research
at the Flight Safety Foundation's New York office. The evalu-
ation of the physical concepts will be done by Dr. Paul Rosenberg
of 330 Fifth Avenue, Pelham; New York.

FSF is an independent, non-profit organization, established in
1945, dedicated solely to improving safety in aviation.

Your cooperation in this CAT Project will be greatly appreciated.

We look forward to your early reply.

Sincerely,

FLIGHT SAFETY FOUNDATION, INC,

Similar letters were sent to the Ministry of Aviation, Royal
Aircraft Establishment, Bedford, England and to the Department
of National Defense, Defense Research Board, Ottawa 4, Ontario,
Canada. Replies to this circular letter uncovered many active
projects and developments which had not been previously reported.
During subsequent conferences and interviews, additional re-
search and development work in the field of CAT were noted, and
included in the conference itinerary.
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Conferences and Interviews

In the middle of January, conferences were held with
several government agencies to establish contacts with
sources of information about active projects for research
and development in the fields of atmospheric turbulence,
CAT detection instrumentation, CAT forecasting and re-
porting of CAT penetration incidents and accidents.
Shortly thereafter conferences were scheduled with in-
dustry. All conferences and interviews are listed here
chronologically. Conference reports are in Section IV.

1. 14 Jan. 1965 - U. S. Weather Bureau, 24th & M Sts.,
N.W., Washington, D. C. 20235

Dr. Robert M. White - Chief, U. S. Weather Bureau
Mr. Newton Lieurance - Director, Office of Aviation
Weather Affairs, Washington
Science Center, Rockville,
Maryland
Mr. DeVer Colson - Chief, Synoptic Techniques
Section

2. 14 Jan. 1965 - Federal Aviation Agency,
800 Independence Ave., S.W., Washington, D. C. 20553

Mr. James F. Rudolph - Flight Standards Service,
Chief, Operations Division
Mr. Lowell Davis - Flight Standards Service,
Chief, Technical Standards Div.

3. 14 Jan. 1965 - Air Transport Association of America,
1000 Connecticut Ave., N.W., Washington, D.C. 20036

Mr. Roger Flynn - Manager, Domestic Operations

R
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4, 15 Jan. 1965 - Eastern Air Lines, Inc.,
Atlanta Airport, Atlarta, Ga.

Mr. J. J. George - Director Meteorology

Mr. Paul W. Kadlec - Meteorologist,
Flight Weather Research,
Eastern Air Lines, Inc.,
Crossway Airport Inn,
1850 N.W. LeJeune Rd.,
Miami, Fla. 33126

5. 29 Jan., 1965 - United States Air Force,
Hq. USAF, Pentagon, Washington, D. C. 20301

Mr. William J. Becker, AFORQ - Coordinator of
Alr Force Meteorological
Research and Development
Projects.

6. 9 Feb. 1965 - Air Force Cambridge Research Labs.
AFCRL, Hanscom Field, Bedford, Mass., 01731

Mr. Andrew S. Carten - Aerospace Instrumentation
Senior Engineer for
Meteorological Equipment
Mr. W. H. Paulsen - Chief, Indirect Probing Tech -
niques Branch
Mr. F. W. Gibson - Physicist

/Note: At date of conference, above offices were
located in Waltham, Mass.)
Mr. Walter Baginski - Acting Chief, Program
Management Branch
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10.

11.

9 Feb. 1965 - Nortronics Division, Northrop Corp.,
Needham Heights, Massachusetts

Mr. W. W. Smith, Director
Mr. Hugh Taylor, Chief, Electronics Systems
Mr. Bard Howes, Supervisor Radiometry

12 Feb. 1965 - Belock Instrument Corp.,
112-03 14th Avenue, College Point, N. Y. 11356

Mr. Robert L. Willes - Chief, Electro Optics Dept.
Mr. Gerald J. Marks, Senior Electro Optics Engineer
Mr. Conrad Kass ~ Applications Engineer

18 Feb. 1965 - NASA Headquarters,
600 Independence Ave., Washington, D. C. 20546

Mr. William S. Aiken - Chief, Operations Research,
Aeronautics Division
Mr. William A. McGowan - Operations Research,
Aeronautics Division

18 Feb. 1965 - Second conference with Air Transport
Association, 1000 Connecticut Ave., N.W,,
Washington, D, C. 20036

Mr. Allen Dallas, Director - Engineering Division

23 Feb. 1965 - Kollsman Instrument Company,
80-08 45th Avenue, Elmhurst, N. Y. 11373

Mr. David P. Nichinsoan - President

Dr. Nathan Kaplan - Director, Engineering Division

Dr. A. Robinson - Director, Research

Mr. John D. Huarisa - Chief Executive Officer

Mr. Henry Droge - Manager, Commercial Aircraft
Marketing

Mr. Herbert Sandberg - Manager, Technical Staff,

Avionics Division
Mr. Aaron Wallace - Senior Scientist
Mr. Elliot Kahn - Senior Scientist

L ST T T



12. 3 Mar. 1965 - Raytheon Company, Sudbury, Mass. 01776

Mr. Irving Goldstein - Manager, Electrical Optics
Lab.

Dr. K. Seeber - Staff

13. 17 Mar. 1965 - Lockheed Aircraft Corp.,
Atmospheric Physics Dept., Physical & Life
Science Lab., 2555 N, Hollywood Way, Burbank,

Calif. 91503

Mr. William W. Hildreth, Jr. - Meteorologist
(Conference at FSF office, New York, N.Y.)

14. 17 Mar. 1965 - Basic Devices, P, 0. Box 336,
Wellesley, Mass. 02181

Mr. Robert S. Djarup - President
(Conference at FSF office, New York, N.Y.)

15. 26 Mar. 1965 - Demonstration by RAWCO Instruments,
Inc. - RAWCO Instrument Inc., 1400 Riverside Drive,

Fort Worth, Texas 76104
(At Federal Bldg., Washington, D. C.)

Mr. W. D. Smith

Mr. R. B. Basham
Mr. Robert M. Sinks - Tele-Beam Corp., Dallas,

Texas

16. 26 Mar. 1965 -~ Second conference with FAA

Mr. James H. Muncy, RD-241

11
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18.

19.

20.
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26 Mar. 1965 - U. S. Navy, Main Navy Bldg.,
Washington, D. C. 20360

Mr. James Hughes - Atmospheric Physicist,
Geophysics Branch, ONR

31 Mar. 1965 - Lear Siegler, Inc., Laser Systems
Center, 2320 Washtenaw, Ann Arbor, Michigan 48104
{Conference in Washington, D. C.

Mr. J. B. Bittner - Vice President
Mr. Herbert Norder - Manager
Dr. H. Ligda of SRI attended

12 Apr. 1965 - Autonetics Division,
North American Aviation, Inc., 3370 Miraloma Ave.,
Anaheim, California

Mr. R. A. Averitt - Dir. Commercial Avionics
(Conference at FSF office)

13 Apr. 1965 - NASA - ERC, 575 Technology Square,
Cambridge, Mass.

Dr. Lester C. Van Atta, Ass't Dir. for

Electromagnetic Research

Mr. Irving J. Etkind - Microwave Lab.

Mr. Max R. Nagle - Chief, Space Optics Lab.
Dr. Philip L. Hanst - Space Optics Lab.

Mr. John A. Sullivan - Space Optics Lab.

Mr. Gene Manella - Chief, Instrumentation Research

Lab.
Mr. Gilmore H. Trafford - Chief, Microwave
Radiation Lab.

L



14 Apr. 1965 - Attended SAE Meeting - Operational
Problems - The Jet Upset

Chairman, Mr. William M. Magruder - Lockheed,
Calif.
Speakers - Mr. James F. Rudolph - FAA,
Washington, D.C.
Mr. Richard A. S1liff - FAA,
Washington, D.C.
Mr. R. L. Loesch - Boeing, Seattle,

) Washington
William S. Aiken - NASA, Washington,
D. C.

Mr. Mel M. Gough - Consultant
Mr. W. E. Rhoades - United Air Lines,
San Francisco, Calif.

22 Apr. 1965 - American Institute of Aeronautics
and Astronautics, 1290 Avenue of the Americas,
New York, N. Y. 10019

Mr. Rcbert R. Dexter - Corp. Sec'y and Dir,
Technical Services

26-27 Apr. 1965 - Air Force-Sponsored Conference
on CAT, Federal Bldg., 800 Independence Ave.,
Washington, D. C.

3 May 1965 - Continental Airlines, Inc.,
Interrational Airport, Los Angeles, Calif.

Mr. R. H. Curtis - Manager of Meteorology
Mr. Don R. Wilson - Vice Pres., Flight
Mr. J. Coburn, Ass't Vice Pres. - Tech. Oper.
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25.

26.

3 May 1965 - Second conference with Lockheed
Aircraft Corg., 2555 N. Hollywood Way, Burbank,
Calif. 91593

Thoren - Dir. of Engineering

Mr. R. L.

Mr. J. F. McBrearty - Research Dir,.

Mr. E. L. Joiner - Chief Research & Test Engineer

Mr. E. J. Marsh - Test Manufacturer, Systems and
Analysis

Mr. A. W. East - Research & Development Engineer

Mr. W. M., (Crooks, Jr. - Research Specialist,

Flight Test

Mr. R. H. Cock - Greup Engineer - Flight test

Mr. W. W. Hildreth - Scientist - Staff

Mr. F. M. Hoblit - Grcup Research & Development
Engineer

Mr. T. F. Laughlin - Group Research & Develop-

ment Engineer

4 May 1965 - North American Aviation, Inc.
Space & Information Systems Division, ,
Electro-Optical Laboratory, Torrance Facility,
12214 Lakewood Blvd., Downey, Calif. 90241

Mr. R. C. Breece - Clear Air Turbulence Project

Eng., Electro Magnetic Systems
Information Systems .

Dr. H. E, Henry - Proj. Engr., E.M. SIS

Dr. D. L. Fried - Head Laser Techniques,
Electro Optical Laboratory
Information Systems

Mr. William Quinlivan - Mgr. Systems Safety,

, ] NAA General Office

Mr. W, E. Airth - Information Systems Programs,

Advanced Programs Development

i
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27. 4 May

1965 - Douglas Aircraft Co., Inc.,

3855 Lakewood Blvd., Long Beach, Calif. 90801

Mr.
Mr.

Mr.
Mr.
Mr.
Mr.

28. 5 May
Menlo

Dr.
Mr .,

Mr.
Mr .

29. 5 May

International Airport, San Francisco, Calif. 94128

Mr.
Mr.
Mr.
Mr.
Mr.
Mr.
Mr.

J. H. Strom - Flight Dept. C1-273

H. E. Morghew - Supervisor, Transport
Customers Service

John J. Dreher, Ph.D., - Research Scientist

M. K. Oleson - Proj. Engineer

R. T. Ross

A. G. Heimerdinger - Chief Pilot

1965 - Staaford Research Institute,
Park, Calif. 94025

M. G. H. Ligda - Manager, Aerophysics Lab.

Sidney M. Serebreny - Senior Research Meteor-

ologist, Aerophysics
Group

Roy M. Endlich - Weather Dynamics Group

R. T. H. Collis - Head, Aerophysics Group

1965 - United Air Lines, San Francisco

A. F. Trumbull - Supt. Radio Engineering
0. E. Anderson - Staff Engineer

L. E. Crowell - Staff Engineer

R. E. Coykendall - Staff Engineer

T. Falbo - Engineer

C. M. Cooke - Engineer

E. S. Wagner - Staff Engineer

15
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30. 6 May 1965 - The Boeing Company, Transport Div., -
Renton, Washington 98055

Mr. R. L. Rouzie - Director of Engineering
Mr. Ray Utterstrom - Staff Engineer, Electro
Dynamics
Mr. Robert A. Peterson - Engineering Supervisor,
Electro Dynamics Staff

Mr. Paul R. Higgins

Mr. C. David Lundeen - Electronics R & D,
Electro Dynamics Staff

3l. 6 May 1965 - Northwest Aarlines, Inc.,
Minneapolis-St. Paul International Airport,
St. Paul, Minn. 55111

Mr. Benjamin G. Griggs, Jr. - Vice Pres. Flight
Oper.
Mr. Paul A. Soderlind - Manager, Flt. Oper. Dept.,
R & D Div.
Mr. Daniel F. Sowa - Supt. of Meteorology

L1l
Ll

32. 6 May 1965 - Honeywell, Aeronautical Division,
2600 Ridgeway Rd., Minneapolis, Minn. 55413

Dr. W. T. Sackett, Jr. - Research Section Head
Mr. Joseph E. Killpatrick - Research Supervisor,

Optics
Mr. Paul Senstad, Research Supervisor -
Instrumentation
Dr. Ed Rang, Research Supervisor - Control and

Guidance
Dr. Grant B. Skelton - Senior Research Scientist -
Control & Guidance
Mr. Harlan C. Pringle - Special Ass't to Director
of Marketing, Aeronautical
Division




33.

34.

35.

36.

37.

38.

12 May 1965 - Flight Research Section, Uplands
Laboratories, Naticnal Aerconautical Establishment,
Montreal Road, Ottawa, Canada

Mr. A. D. Wood - Director

Dr. F. G. Could - Aercnautics

Mr. M. G. Caiger - Aeronautics
Mr. G. K. Mather - Meteorology
Mr. K. G. Pettit - Meteorology

19 May 1965 - National Ceater for Atmospheric
Research, 30th St. and Arepho, Boulder, Colo.

Dr. William Jonegs, Assistant Director

20 May 1965 - Attended - Flight Safety Foundation
Tenth Annual Business Aircraft Safety Seminar,
Denver, Cclo.

21 May 1965 - Colorado State University,
Department of Atmosgheric Sciences, Foothills
Campus, Fort Collins, Coln. 80321

Prof. Elmar R. Reiter, Ph.D.

2 June 1965 - Barnes Engineering Co.,; Defense and
Space Division, 30 Commerce Rd.; Stamford, Conn.
06902

Mr. Eric M. Wormser -~ Vice Pres. & General Mgr.
Mr. Robert W. Astheimer - Technical Director

8-9 June 1965 - National Severe Storms Laboratory,
Norman, Oklahoma 73069

Dr. Edwin Kessler 111, Director
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40,

41,

42.

43.

44,
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9 June 1965 - Royal Aircraft Establishment,
Farnborough, Hants, England

Mrs, Anre Burns, Structures Dept. {(Conference
at National Severe Storms Lab.)
Norman, Oklahoma

9 June 1965 - University of Michigan, Ann Arbor,
Michigan

Prof. Peter Franken - Dept. of Physics

(At NSSL, Norman, Okla.)
Mr. Joseph Tenney - graduate student
Mr, David Rank - graduate student

14 June 1965 -~ Second conference with Mrs. Anne
Burns at John F. Kennedy International Airport,
New York, N. Y.

18 June 1965 - Litton Guidance and Controls
Systems Div. at FSF offices, New York

Mr. Roy E. Williams

24 June 1965 - TRG, Inc., subsidiary of Control
Data Corp., Melville, L.I., N.Y, 11749

Dr. Lawrence Goldmuntz - President
Mr. H. L. Jennings - Contract Mgr.
Dr. David M. Chase - Physicist

29 June 1965 - Phone conference with Dr. Elmar R.
Reiter, Dept. of Atmospheric Sciences, Colorado
State University, Fort Collins, Colo. 80521




45.

46.

47 .

48.

8 July 1965 - Decker Corp., Bala Cynwyd, Pa. 19004

Mr. James C. Dell (At Flight Safety Foundation
offices)

12 July 1965 - Phone conference with Sandia Corp.,
Albuquerque, N. M. 87108

Dr. L. Smith
Dr. Hugh Georgia

13 July 1965 - General Precision, Inc. - Link
Group, Hillcrest, Binghamton, N. Y. 13902
{Conference on simulators for turbulence)

Mr. E. Darling - Aerodynamics - G.P.F.

Mr. Paul Papp - Aerodynamics - Link Div.

Mr. S. Weinstein - AAL

Mr, Bates - CAL

Mr. Romaine - P.A.L.

Mr. Coleman Donaldson - Link Div.

Mr. R. L. Garman - " 1

Mr. E. Fetters - " "

Mr. John Houbolt - " "

Mr. Frank Banta - GPI

Mr. Max Bassett - " )

Mr. Mack W. Eastburn - AAL

Mr. Jerome Lederer - FSF

Prof. Edward Seckel - Dept. Aerospace & Mech.
Science, Princeton University

16 July 1965 - Federal Aviation Agency,
800 Independence Ave., Washington, D. C.

Mr. James H, Muncy, RD-241

19



49.

50.

51.

52.

53‘

29 July 1965 - New York University, Geophysics
Bldg., 2455 Sedgwick Ave., Bronx, N. Y. 10468

Mr. U. Oscar Lappe - Senior Research Scientist

22 July 1965 - NASA, Langley Field, Virginia 23365

Mr. Joseph Stickle

Mr. Dick Storey - Engrg. Tech.

Mr. Harvey Melfi - Aerospace Technology
Mr. Harry Hubbel

Mr. H. Pierce

30 July 1965 - Second conference with Douglas
Aircraft Company, Inc., 3855 Lakeweod Blvd.,
Long Beach, Calif. 90801

Mr. A. J. Heimerdinger - Chief Pilot
Mr. J. H. Strom - Maintenance, Human Engineering
Mr. M. K. Oleson - Engineering Dept.
Mr. H. E. Morphew - Customer Service, Transport.

30 July 1965 - Electro Optical Systems, Inc.,
300 N. Halstead St., Pasadena, Calif. 91109

Dr. Arthur Alden - Vice Pres., Res. & Dev.

Mr. George White - Mgr. Optical Division

Mr. James Baum - Ass't Mgr. of Advanced Technology
Mr. Ellis Harris

Mr. Glen Cato - Senior Engineer

31 July 1965 - Meteorology Research, Inc. (M.R.I.)
and Atmospheric Research Group (A.R.G.)
Field Laboratory at Flagstaff Airport, Arizona

Mr. Paul MacCready, President




54.

55.

56,

57.

30 July 1965 - U. S. Army Electreonics Laboratory,
Ft. Monmoutr, N. J.

Dr. Henry Kuzemir - at Flagstaff Field Station

23 August 1965 - ITEK, Burlington, Mass. 02103

Mr. Robert Fleming

23 August 1965 - Second conference with Air Force
Cambridge Research Laboratories; L. G. Hanscom Field,
Bedford, Mass. 01731

Major R. W. Cowne - CREU - Chief Final Engineering
Section Aerospace-Instrument-
ation Lab,

Mr. Andrew S. Carten, Jr. - Chief Engr. for
Meteorological Equip-
ment, Aerospace In-
strumentation Lab,

Mr. Wilbur Paulsen - Chief; Indirect Probing Tech-

nigques Branch

Mr. Walter Baginski - Acting Chief, Program

Management Branch

24 August 1965 - ARACON Geophysics, Virginia Road,
Concord, Mass. 01742 ’
A Division of Allied Research Associates, Inc.

Mr. Lawrence Levy - President, Allied Research
Associates, Inc.
Mr. William K. Widger, Jr., Director - Satellite
Meteorology Research
Mr. Earl S. Merxritt - Senior Meteorologist
Dr. Ray Wexler
Dr. David Chang - Lasers

21
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59.

24 August 1965 - MITRE Corp., Bedford, Mass. 01730

Mr. John Sullivan
Mr. Harry Schacter - Ass't Dept. Head D-81
Environmental Factors

26 August‘1965 - Sperry Gyroscope Co.,
Division of Sperry Rand Corp., Great Neck, N.Y. 11020

Dr. W. L. Barrow - Vice Pres, Res., Dev, & Engrg.
Dr. Leonard Swern - Great Neck - Tech. Asst. to
V.P. for Tech, Adm, and Planning
Dr. Leonard W. Holmboc - Great Neck - Engrng Dept.
Head, Electro-Optics
Dr. W. D. Mount - Sudbury, Mass., Hd. - Atmos.
Physics Dept.

60. 4 Oct. 1965 - Convair Division of General Dynamics,

61.

5001 Kearny Villa Rd., P. O. Box 1128, San Diego,
Calif. 92112

Mr. Murray Edelstein - Flight Test Group Engineer

Mr. Fraunk Woffinder - Senior Dynamics Engineer

Mr. Floyd W. Wundrow - Senior Flight Test Engineer
Mr. John R. Rausch - Senior Aerodynamics Engineer

5 Oct. 1965 - Second conference with North American
Aviation, Autonetics Division, 3370 Miraloma Ave.,
Anaheim, Calif. 92803

Mr. R. A. Averitt - Dir. Commercial Avionics
Mr. Edward F. Flint - Proj. Engr. Electro-Optical
Systems

i

[ ]



-

62.

630

64 .

65.

5 Oct. 1965 - Second conference with Meteorology
Research, Inc., 2420 N. Lake Ave., Altadena,
Calif. 91001

Mr. Payl MacCready - President
Mr. Thomas R. Mee
Mr. Edwin K. Kanper

7 Oct. 1965 - Collins Radio Co.,
5200 C Ave., V.E., Cedar Rapids, Iowa 52402

Dr. Eugene R. Marner - Dir. of Research
Mr. Walter R. Sliff - Head Atmospheric Physics
Group
Mr. Eugene O. Frye - Senior Technical Staff -
' Technical Div,.

14 Oct. 1965 - General Electric Company, Missile
and Space Division, Philadelphia, Pa.
(Conference at FSF offices, New York

Mr. H. W. Halsey

25 Oct. 1965 - Cormnell Aeronautical Laboratory, Inc.
Buffalo Iaternational Airport, Buffalo, N. Y. 14221

Dr. Ira G. Ross - President
Mr. Walter O. Breuhaus - Head Flight Research Dept.
Mr. Frank E. Prichard - Aeronautical Engineer,
Flight Research Dept.
Mr. John M. Schuler
Dr. George E. McVehil - Meteorological, Applied
Physics Dept.
Mr. Cal Easterbronk - Atmospherics
Mr. Richard J. "Dick'" Clark - Electronics Engineer,
Electronics Research
Dept.
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18 Oct. 1965 - Gereral Electric Company,
Information Eungineering Laboratory, Advanced
Technology Labs., Research & Development Center,
P. O. Box 8, Scherectady, N. Y. 12301

Mr. J. E. Bigelow - Inform. Engr., Research and
Development
Dr. Kiyo Tomiyasu - Sen. Electronics Engineer

19 Oct. 1965 - Second conference with Lear Siegler,
Inc., Laser Systems Ceater, 2320 Washtenaw,
Ann Arbor, Mich. 48104

Mr. Douglas Linrn - Mgr., Marketing
Mr. Pavid Matthews - Mgr. Systems Engineering
Group

26 Oct. 1965 - IIT Research Institute,
10 West 35th Street, Chicago, Il1l. 60616

Mr. David Freyberger

27 Oct. 1965 - Phone conference between
Dr. Elmar R. Reiter and Dr. Paul Rosenberg

10 Dec. 1965 - Southwest Research Institute,
8500 Culebra Rd., P. O. Box 2296, San Antonio,
Texas 78206

Mr. Thomas E. Owen - Consultant, Dept. of
Electronics- and Electrical
Engineering

Mr. Dale Suttle - Meteorologist

al
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71. 27 Dec. 1965 . Second conference with Stanford
Research Irstitute, Menlo Park, Calif. 94025: by
Dr. Paul Rosenberg

Dr. Myron G, H. Ligda - Manager. Aerophysics Lab.

Mr. Rorald T. H. Collis - Head, Aerophysics Group

Mr. Roy M. Endlich - Weather Dynamics Group

Mr. Sidney M. Serebreny - Senior Research
Meteorologist

Mr. 7. E. Nan<ricz

Report orn Confrrences and Interviews

Summar ies are given -f the material discussed in the various
conferences excegt where the material was stated to be
"Proprietary™, 1n which case it has been omitted from the
report. The summaries of conferences and interviews are
sometimes very brief for this reason. The conference
numbers corresponds to the numbers in Section TIT.

1. U. S. Weather Bureau - Dr. Robert M, White and
Mr. Newton Lieurance.,

Dr. White was informed of Project CAT and the
objectives, Prcjects under the U, S. Weather
Bureau that' have a bearinag omn Project CAT were
discussed. The full cooperation of the Weather
Bureau was offered. Mr. Lieurance gave iunfor-
mation on the Allegheny upset of 27/12,/64 over
Maryland.

2. FAA - James F. Rudolph and Lowell Davis

This counfer=nce was made to inform the FAA of
Project CAT and io establish working relations
with Lowell Davis to receive information on all
incidents and accidents of a drastic nature.
Lowell Davis will forward reports on all such
ircidents to FSF, Project CAT.
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Air Transport Association

To receive advice about CAT detection and fore-
casting projects of which the ATA has knowledge
and to arrange for future information from ATA
about airline projects in this field.

Eastern Air Lines - Mr. J. J. George

To receive briefing and literature on CAT fore-
casting method developed by him and his staff
to reduce the size of the block of air in which
CAT was previously forecast.

Mr. Paul W. Kadlec

To get history and background about Project
TRAPCAT being tried out by five airlines:
EAL, AAL, Delta, UAL, and TWA, under funding
by FAA, with instrumentation built by Litton.

USAF - AIR FORCE OFFICES AND COMMANDS

MAC - Lt. Col. L. C. Peterson, MAOCO/AT;

OAR - Capt. Walter A. Gallie, RROSE;

AFLC - Col. J. C. Wise, MCOO Wright-Patterson;
SAC - Dr. C. A. Beck, Operations Analyst;
Norton AFB - Lt. Col. J. Creedon, Staff Officer

Coordinator of Air Force research and develop-
ment projects on meteorology, weather fore-
casting, CAT forecasting and detection. This
office coordinates all Air Force projects in
this field and maintains records on funding
expenditures, and periodic status reports.
There are three R & D Divisions:




1. Air Weather Service (AWS)
Forecast, Climatology and Operational
Under Military Airlift Command (MAC)
Scott AFB.

2. Air Force Cambridge Research Laboratories (AFCRL)

Equipment Development and Research
Under Office of Aerospace Research (OAR)
Washington, D. C.

3. Aeronautical Systems Division (ASD)
Wright Patterson AFB
Under Research and Techpology (AFSE)
Bollirg Field <(RTD:

AFCRL - Andrew S. Carten, F. W. Paulsen and
Walter Baginski.

Mr. Carten 2itlined the organization of AFCRL
and gave a brief history of the Air Force
activities in the field of CAT.

Mr. Paulsen gave a resume of the Projects now
active 1n the field of CAT detection and research
to determine in the laberatory and in the atmos-
phere whe tker laser backscatter ccmes from partic-
ulate matter or from air molecules. He also re-
viewed the las€r probings of the upper atmosphere
at the University of the West Tndies with a ruby
laser beam shocting vertically to determine the
concentrations and densities of particulate

matter in vhe air at levels above 30,000 ft.

The work at Rawlinsville, Colo., observing the
mountain wave with ruby laser beams, was de-
scribed, alsos the work at Wallops Island, Virginia
with large anteana, high-power radar of 3, 10 and
70 cm. waveleagths. All of these projects are
discussed in later sections of this report.
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Northrop Corp., Nortronics Division

Any object having a temperature different

from the ambient air radiates energy which

can be detected with a sufficiently sensitive
detector. The air between the object and

the detector will absorb this energy according
to the length of path and the composition of
the air.

Nortronics Div. has worked on an in-house
project to develop a radiometric method of
CAT detection for several years. The system
operates in the 50-60 g.c. frequency band.

The Division has made a proposal to AFCRL for
the development of a CAT detector based on the
radiometric method in the 50 to 60 g.c. fre-
quencies.

Belock Instrument Corp.

Belock is not working on a CAT detector but

does have a star tracking unit, used as a

component of other instruments, which might be
adaptable to a CAT detector. This unit tracks stars
by night or day. It is 23" in diameter, 6" long.

It can also track all targets in the infrared and
ultra-violet. Belock has made measurements of haze
particles of 2 micron size. The unit is a slit-type
scanner videocon with an electric multiplier to aug-
ment the scanned image. Power requirements are 100
watts total. For CAT detection, scanning could be
made slower than for star tracking down to about

20 c¢. per second. Display could be on a P.P.I.
scope or electro-luminescent panel.

HAI i
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NASA Headquarters

Discussion of Project CAT and contents of
quarterly reports.

Air Transport Association

Review status of Project TRAPCAT and establish
reparting of drastic CAT incidents.

Kollsman Instrument Corporation

Kollsman has studied the possibilities of CAT
detection based or previous work in star
tracking. Proposals have been made for air-
borne CAT detection devices using lasers in
two variations.

The Raytheon Company - Space and Information
Systems Division

This Division has two in-house company-funded
programs for CAT detection.

(1) An airborne optical Doppler ''radar"
to measure relative velocity between
aircraft and turbulence gusts.

(2) A high powered laser beam and receiver
to measure the intensity of radiation
backscatter from particulate matter
concentrations in CAT.

Lockheed Aircraft Corp.

Conference with William W. Hildreth, Jr. at
FSF office, New York to develop plans for
future conference at the Burbank plant.
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Basic Devices

Conference at FSF offices, New York with
Robert S. Djorup, Pres., Basic Devices,
concerning Basic Devices' projects in the
field of CAT.

Under contract AF19(628:-1677 an airborne

Jet Stream detector or wind gradient meter

was developed for the USAF Electronic Systems
Division, Meteorological Development Laboratory.
One probe mounted on each wing tip of the test
plane determines horizontal wind gradient with
a threshold sensitivity of 0.01 miles (52.8 ft.)
per hour. The technique used is the direct
sensing of air-stream velocity by a pair of
heated metal films, the resistance variations
of which are a function of heat transfer to

the mass flow of the air-stream. This in-
strument has not yet been installed and test
flown by the Air Force.

Currently under way is the wind-tunnel testing
of a fast variant of the above instrument

which was developed to permit a two point
measurement of instantaneous air-stream velocity
and shear components.

A nine-channel constant-temperature heated-
element anemometer has been built for aircraft
application.

A stripped version of the vertical turbulence
measuring system will be installed in a light
aircraft. A two-trace, slow-speed strip chart
recorder will be used to record the data.

A zero, two-second, thirty-second and five-
minute storage interval are to be provided
for indicating peak values. Selection of the
zero storage interval permits the display of
continuous vertical velocity component,
filtered only by the dynamics of the meter
element. Flights over the Northeastern
United States are to be made which, it is
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hoped, will previde information regarding

the pessible application of direct-sensing
techniques to turbulence-warning devices.
Flights are alsc te be made repeatedly through
the mountain waves generated by the Catskills
or the CGreiner, New Hampshire area.

RAWCO Instruments at Washington, D. C.

Demonstratinn was arranged by Robert M. Sinks,
Sales Representative of Tele-Beam Corp. of
Dallas, Texas, the firm which represents and
markets products built by RAWCO Instrument, Inc.
Mr. W. D. Smith of RAWCO gave the major portion
of demonstration, supported by Raymond B. Basham,
who has a proprietary interest in the static
charge detector of this demonstration.

Mr. Smith showed and demonstrated two static
ctarge detection units built by RAWCO and which
are pow being used in industry. The unit of
prime interest in this demorstration is a sphere
about the size of a tennis ball rotating on an
axis at a moderate speed. The internal con-
structionr of this sphere was stated to be the
secret of its ability to detect extremely small
atmospheric static charges. The construction
was not divulged at this conference. However,
it is the opinion of several people at this
conference that the basic cperating principle
of this RAWCO instrument is substantially that
of the classic field mill,

It was stated that in thunderstcrm areas the
meter will read as high as 300,000 V/ft.; that
it is not uncommon to find 40 V/ft. in factory
areas where high-speed machinery and belts are
in operation.

The meter was sald by RAWCO to sense change in
a 60° cone. Demonstrations were made to show
sensitivity of the iastrument by blowing a
stream of warm air in the vicinity of the
sensor, and alzc releasing a stream of COg from
a high-pressure {02 bottle.
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It was stated by RAWCO that whenever a
thunderstorm passed over the Fort Worth area

the meter would indicate extremely high static
charges; and conversely, whenever the meter
indicated extremely high atmospheric charge it
is ar indication that a thunderstorm would occur
very shortly.

Mr . DeVer Colson of the Weather Bureau stated
that the U, S. Weather Bureau had done much

work in areas whesre lumbering operations are
conducted, in measuring static charge build-ups
as an indication of the possibility of fire from
atmospheric static charges, and that the Japanese
also have done much work in measuring the static
field charges in the vicinity of thunderstorms.
and frontal areas. A question was asked as to
whether RAWCO had made any observations as to

the diurnal variation in atmospheric static
charges. Both DeVer Colson and Dr. Paul Rosenberg
indicated that for many years much work had been
dene in the field of atmospheric electricity
which might be useful to RAWCO.

It was stated that the spherical unit has
directional sensing. Distance of the charge
source carnot be measured. There was some
discussion as te the circuitry and sensor units
used in the UAL, SRI Static Charge Project now
being flown on 10 United Air Line's aircraft.

Mr. Muncy of FAA expressed an opinion that all
static senscrs have to be close to the source,
and that there would be insufficient warning

for a Jet aircraft which needs about 40 miles
warning of turbulence in order to take effective
action,

Mr. Sanford of the FAA asked whether RAWCO had
considered how this rotating sphere could be
practically applied to an airplane for all-weather
use, RAWCO replied that they had given con-
sideration to this, but that it would be several
weeks before they could give a goed answer to

this question. DeVer Colscon suggested that
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RAWCO get in touch with Mr. Kessler of the NSSL
at Nerman, Oklahoma, who might be able to give
considerable aszistance in their exploration
work in correlating static charge indications
with clear air turbulence.

FAA - James M. Muncy at Washington, D. C.

This conference was held to develop information
as to the varicus grojects along the line of
atmospheric turbulence in which FAA is interested.

ONR - James Hughes at Washington, D. C.

Dr. Paul Rosenberg conferred with Mr. Hughes
to develop information on CAT projects funded
by Navy and to learn more about Prof. Peter
Franken's rroject at University of Michigan,
which is partly funded by ONR.

Lear Siegler and FAA

To exrlore the potentials of applying Lear
Siegler’s Lidar .to the measurement of runway
visual range as well as visibility at the
lower end of the glide slope close to the
ground. Ir a later conference Lear Siegler
made a presentation to the FAA of this use
of Lidar.

North American Aviation, Automnetics Div.

R. A. Averitt called tc discuss in general
terms the work of Autonetics Division on a
radiometric sensing device for CAT, based
on an underwater temperature-change sensing
device which cculd be used in clear air,
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Autonetics estimate that this would have a

range greater than 25 miles. The sensor would

be about 4 2/4" diameter, 12" long, and the total
system would weigh about 35 1lbs. The sensing is
in the IR band, and the system is passive., The
system scans with a 459 sweep laterally, 25 times
per minute.

North American Aviation has three divisions
having worked in the field of CAT detection,
namely, the Autonetics Division at Anaheim,
Calif., The Space and Information Division at
Downey, Calif,, and the Columbus, Ohio Division
working on a different IR spectrum radiometric
sensing device. Visits to these three divisions
will be made at suitable times in the future,

NASA, Cambridge Division

Conference was held to exchange information
on CAT activities,

In discussing static charge correlating with
clear air turbulence, it was stated that
before 1959 NASA had detected r.f. signatures
of electrical discharges in clear air, with
no visible discharge, using 25' whip antennas.
The ground system had three stations tri-
angulated 50 miles apart. These atmospheric
signatures were obtained when there was no
weather within hundreds of miles. The ob-
servations were few in number and have never
been followed up or repeated.

In discussing CAT in relation to jet streams,

it was conjectured that a sufficient number

of grourd-based installations across the

country capable of detecting jet streams, could
keep a running watch on jet stream location,
motion, thickness and speed. 1In clear weather
star gazers or trackers might be able to spot
CAT and watch the jet streams from scintillation
of stars both day and night.



21.

The thought was expressed that although the
desire is to develop a CAT detection system
giving similar infcrmaticn to that of weather
radar, a passive system might be developed

much soc-rer and wiih less expense, which would
give valuable infermation to the pilot regarding
proximity to CAT: and sufficient research should
be done on the various passive systems to de-
termine whick princigple would be most likely to
give the pilot reliable information and the
maximum amount of advance warning. It was agreed
that research to determine the nature of CAT has
not been organized to get at the baslic nature of
CAT on which a development program can be built.

During thiz cenference, several valuable leads
to agencies deing work in various fields of
atmospheric turbulence were recelved.

SAE Washington, D. C. meeting on Operating
Problems - "The Jet Upset™,.

The only paper available from the session was
#650251-"0Operaticnal and Design Considerations
of Swept-wing Transports in Turbulence'" - by
F. J. Rudolph, Chief-Operations Division, FAA,
and Richard S. Sliff, Aszistant Chief Engrg.
and Mfg. Div., Flight Standard Service, FAA.

Other papers presented were:

"Design and Prevention Factors - Airglane Upsets"
by R. L. Loesch, Chief of Flight Tests, Airplane
Division, The Boeing Company; "NASA Research
Programs on the Problems of Operation im Turbu-
lence' - by William S. Aiken, Jr., Chief-Oper-
ations Research Aeronautics Division, NASA
Administration;

An untitled talk covering the subject, by Melvin N,
Gough. :

35



36

22,

23.

24.

Comments by W. E. Rhoades, Vice Pres., Engrg.,
United Air Lines, and Paul Soderlind, Manager of
Research and Operations Development Division,
Northwest Airlines,.

ATAA conference with R. R. Dexter at ATAA Head-
quarters.

Discussion of the possible channels for receiving
information concerning CAT research in England,
France and other European NATO countries.

Mr. Dexter made several suggestions and will try
to find out about European CAT R & D on his next
trip to Euroge.

Air Force-sponsored conference on CAT -
26, 27 April

A brief resume to the Government agencies
working in this field, of the status of active
CAT detection projects. The Air Transport
Association alsc attended this meeting. Since
Hq. USAF has published a complete report on
this meeting, no rerort on the conference will
be made here.

Continenta® Air Lines

Conference with R. H. Curtis dealt to a large

extent with mountain wave action in the western -
part of the United States, where strong
mountain waves occasionally penetrate the
trepopause. Under these conditions, moderate
to severe turbulence c2n be expected 10,000 ft.
above the terrain, and 5,000 ft. above the
tropopause.

Continental is using gradient of the vertical
shear in forecasting CAT. The U-2 has found
convective turbulence at 30,000 ft., directly
above fast-rising high-altitude cumulus clouds.
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Continental experienced severe turbulence in a
mountain wave near Denver on January 27th; 19635.

Lockheed Aircraft Jorp. at Burbank, Calif.

Lockheed’s H1 and Low altitude turbulence studies
and instrumentation for sensing and recording
data for structural design wers discussed.
Lockhkeed’s meteoralogical studies relative to
CAT were alsc reviewed.

Hi1 Hi CAT Program - This program operates in

The altitude range from 70,000 to 200,000 ft.
Lockheed report No. LR-18178, dated

22 September, 1964, "Hi CAT Vehicle and
Instrumentation System Study" describes the work
done on this program. Lockheed also has a new
seven-month contract, starting aprroximately

the end of May, 1965, to study an unmanned
vehicle traveling at Mach 5, at a constant
altitude of about 40 miles, capable of traveling
anywhere in the world. The flight is to be
horizontal! rather than in a constant Mach climb
to simplify analyses of the data. The airplane
will be instrumented for determination of power
spectra. The vehicle will have stable platform
guidance, will be booster-launched from an SST,
and will be recoverable because of the expense
involved. 1t will be several years before CAT
data can come from such a project.

HiCat Program - This is a U. S. Air Force pro-
gram whichk began in 1963, at first under
Aeronautical Systems Division, and later under
Flight Dynamics Laboratory, WPAFB, Ohio. The
Air Force began flying a U-2 in January, 1963

in three world areas, namely: The United States,
Alaska, and along the sasterly jet over the
equator. Primary purpgose of the project is to
gather statistical information for structures
studies, and to gather meteorological data.
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Lockheed's function in this HiCat Program .
is to supervise, collect and analyze the data.
The altitudes of interest in this program are
50,000 to 75,000 feet. Instrumentation in

the aircraft includes a gust probe, gyros,
accelerometers, and equirment for 6 hours of
data recordings. The gust probe is of the
vane type, recording frequencies up to

20 cycles per second. The flights have ex-
perienced CAT accelerations up to plus or
minus 1lg incrementally (i.e. from 0 to 2g)

over mountain waves. In the program to date,
CAT disturbances of the aircraft were measured
only up to a wave length of 2,000 feet; but a
new phase of the program, using better accel-
erometers and stabilized platform, will
measure wave leagths to 12,000 feet and longer.

During the conference, Lockheed had the follow-
ing comments to make regarding CAT detection
devices: The aircraft in the HiCat Program
have space and weight available for more CAT
instrumentation than has been installed to
date, and Lockheed hopes to be able to install
more instrumentation. For example, Lockheed
plans to use a high-response Rosemount probe,
and consideration is being given to the use of
sensitive pressure transducers simultaneously
recorded at ground stations, to triangulate

for the turbulence. Other possible instrumen-
tation would measure particulate matter in jet
streams. Keith Biggs photographed particulate
matter in jet streams in Australia during a
Royal Air Force Top-Hi-Cat program; he is now
at the National Center for Atmospheric Research
in Boulder, Colorado.

In connection with CAT forecasting methods,
Lockheed is studying to develop physical models
to explain CAT and to correlate data. The study
will sample small segments of the atmosphere, and
expand this to worldwide forecasting on a
probability basis. HiCat has shown a surprising
amount of CAT in the stratosphere above areas
where there is low-level activity of towering
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cumulus anrd nimbus clouds. Lockheed's theory

to explain this is that vertical pulses from
mountain waves and low-level convective activity
are transmitied through the air into the strato-
sphere. Lockheed has found that methods used
for forecasting CAT in the troposphere do not
generally apply in the stratosphere, and they
have found nc good method for forecasting CAT
reliably in the stratosphere. 1t appears
necessary to develop a CAT detection device for
aircraft which will fly largely in the stratosphere.

In discussing results of HiCat, it was stated
that by deliberately seeking out CAT, the pilots
were able to fly through CAT from 10% to 14% of
the time while above 50,000 ft. 1In one instance
the aircraft experienced true gust velocity of
30 ft. per second, and + 2g and - 1.7g at an
altitude of 57,000 ft.

In discussing turbulence penetration procedures,
it was stated that the SST probably will have no
turbulence penetration speeds. It will be
accelerating tkrough M. 1 in the climb at about
the tropopause level where it is usually mildly
turbulent.

North American Aviation, Space and Information
Systems Division, Electro Optical Laboratory,
Torrance, Calif.

Since the 4 May 1965 conference with

R. A. Averitt, NAA has been awarded a contract
by AFCRL for a 15-month design study of a
laser radar CAT detection system.

Douglas Aircraft Company, Long Beach, Calif.

Conference covered several in-house projects.
In the course of theoretical studies of plasma
and magnetohydrodyramics, Dr. Richard L., Moore
of Douglas has developed a vector wave equation
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which he finds applicable to waves in stratified
fluids and their methods of generation, in-
cluding the effects of gravity and inertia.

Moore's equations agree with Tolstoy's equations,
but Moore has a different physical interpre-~
tation of the results. Moore does not use the
concept of buoyancy which Tolstoy introduces.
Moore is led to prorose the following mechanism
for the generation of acoustic-gravity waves
"In a stratified compressible non-viscous fluid
at rest with a steady force field,; motion is
induced by gradients in heat transfer only",
Dr. Moore is endeavoring to apply this to the
meteorological forecasting of CAT.

Stanford Research Institute : .-

Conference with Dr. Ligda and associates
working in the field of atmospheric turbulence
revealed the wide scope of the work this group
is doing in the field of CAT and CAT detection.
AFCRL is funding the research work being done
by SRI and United Air Lines on the correlation
between CAT and electric fields.

(See Section V pages for details of
this project).

AFCRL has also funded a project on the analysis

of U-2 photographs to determine the distribution =
and dimensions of cumulus clouds. U. S. Weather

Bureau has funded a project which SRI is con- -
ducting on an analysis of CAT by use of rawin-

sonde data, AFCRL has also funded a study of =
the climatology of winds, temperature, and

turbulence in jet streams. Lear Siegler con-

tracted with SRI to conduct ground-based studies

on detecticn of CAT by the use of Lidar.

iy
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United Air Lines, San Francisco Int'l Airport

Conferenca covered some of the information
reported in Ifem #28 re conference with SRI,

i.e. the program to investigate the relation-
ship between TAT ard atmcspheric electric fields.

UAL iz considering *the pcssibility of detecting
turbulence by means of sensing infrasonic
pressure waves., Sensitive rressure transducers
installed at suitable lccations, free of air-
craft induced pressure aberrations and having
resonant respouses rates that would not give
false indications from pressure pulses or ''noise"
produced by the aircrafi, would be necessary to
pick up feeble infrascoric pressure waves at
sufficient distance from the CAT areas to permit
evasive acticn.

UAL's Metecrology Department is conducting con-
tinued studies in CAT forecasting for greater
accuracy and clcser pinpcinting of moderate to
severe CAT. In cocperation with Northwest
Airlines, UAL is studying mountain wave generating
locations in the Westerr Mcuntains for the purpose
of rerouting the airways to avoid these generators.

The Boeing Comypaty, Rentcn, Washingtoun

The Company 1is investigating a radar method
(for CAT detecticon} which is interesting and
promising because:

1) The methed does nct require the presence of
particulate matter or aercsols in the CAT;

2) Boeing counsiders the system can be made
airborne by using a yagi arntenna of
practical dime=nsions, although the fre-
gquency 1is about 220 megacycles,
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The Boeing method depends upon VHF radiation
backscattered from refractive eddies in the
turbulence. In other words, the method ''sees"
fluctuations of the dielectric constant of the
atmosphere at VHF frequencies,

Beeing's early expsriments with this method

were conducted with a 75-megacycle (4 meter)
bistatic CW "radar" with the transmitter and
receiver separated by 10 miles over Puget

Scund, using the airport's 75 MC outer fan-marker.

The grcund was phased out. There was mo
scanning. Twenty-four hour strip-chart
recordings were correlated with upper-winds
and wird shears taken from rawindsoundings.

One of the difficulties in interpreting the

data was that the scattering volume was

roughly a cube, 3 kilometers on a side, with ne
the result that the received signal integrated

scattering from all altitude levels from

approximately 20,000 to 30,000 feet. The -
scattering angle was about 90 degrees. The

receiving antenna was a parabelic dish of

chicken wire,

The results of the aforesaid 75 MC CW ex-
periments encouraged Boeing to set up a

217 megacycle pulsed radar at Inglewood about
September 1964, The antenna is a 40-ft.

diameter dish scocped out of the ground and

lined with chicken wire on plastic. The beam
shocts straight up. Beamwidth is about 15 degrees.
Pulse-width is 8 microseconds. Peak power is

300 KW: average power is 300 watts,

Operation consists of waiting until turbulernce

is indicated by combinations of PIREPS, upper
air data, upper air wind charts, rawinsonde data,
and informaticn from the Boeing flight test
center and FAA traffic coatrollers. Radar ob-
servations are then made when it is likely that
turbulence is passing through the beam,

[|



Twenty-five different CAT observations on this
radar, between October 1964 and April 1965,

were confirmed by aircraft flying near Inglewood
at the altitude of the CAT indicated on the
radar scope.

Boe1ing installed (late 1965) an airborne VHF
radar on Boeing 727 aircraft E2., It consists
of a yagli antenna fa series of upright vanes)
along the top centerline of the aircraft,

which gives a fixed beam of 20° x 20° included
angle directly akead of the aircraft., Tests of
the pattern, impedence and power handling

(200 kw peak’ are completed, and the system is
now being flight tested.

Antenna size is 480"x2'x8'". Antenna weight
is 100 lbs. Ground clutrter and altitude
return. will be gated out.

The Boeing aircraft, thus equipped, is ex-
ploring CAT over the Inglewocd ground-based
radar, and will chase regions of jet stream
CAT as they drift eastward. The investigation
will seek to determine not only the practical
value of this radar method cof CAT detection,
but also the answers to such questions as,
what is the effective radar cross-section for
various types of turbulerce; what radar power
is required; what frequency is effective.

For a number of months Boeing has been carrying
on simulator studies of the effect of turbulence
on Models 707, 720, and 727. Turbulence data
from the work done by the NSSP is programmed
into an analog simulator, and the simulator is
flown with and without autopilot with fixed
contrels, and in cther manners to study the
effects of horizontal and vertical gusts on
these models of Boeing aircraft.

From these studies and those with the 75 mega-
cycle bistatic CW radar, Boeing believes that
the longer wave lengths of CAT, the wave lengths
that shake airplanes, are the wave lengths that
a CAT detector should be designed to sense.
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Northwest Alrlines was visited by M. G. Beard,
while Dr. Rosenberg visited Honeywell.

Since the Boeing 720 accident at Miami in
January, 1963, Norrhwest Airlines has probably
done mere werk in the area of atmospheric
turbuience than any other airline, except per-
haps Mited.

Paul A. Soderlind, Manager of Research and
Develogment Divisionrn of the Flight Operations
Cepartment, summarized the work of the de-
cartment in Nerthwest Airlines Flight Standard
Bulletin #8-63, dated November 12, 1963 -
Subaect: “Jet Turbulence Penetration". This
bulletin was issued to all of the Northwest
flight crews, and was prescnted before a closed
inter-airline operations group in Miami in

late November, 1963. This bulletin subse-
querntly reached all the airline and corporate
p1lots of tke country. Paul Soderlind per-
sonally lectured the chief gilots and the
flight instructors of several of the major
airlines on his findings regarding turbulerce
penetrations and the correct method of handling
the jet traansport under turbulent conditions.

Iz 1965 Ncrthwest Airlines issued a second
bulletin, Flight Standard Bulletin #3-65,
dated February 26, 1965, - Subject: ‘'‘Oper-
ations in Turbulence'. This bulletin is an
updating of Fligkt Standard Bulletin #8-63;
cffering additional information regarding
handling of the jet transpert in turbulent
air.

Dan Sowa, Supt. of Meteorology, has been
concentrating on detailed analyses of synoptic
charts with an aim towards more closely pin-
pointing the location 5i turbulent areas of
all types, and instructing the pilots so they
can determine leccations where turbulence
probably will be encountered along the flight
rath. Northwest's instructions to pilots

have been issued in several bulletins; but are




as yet not compiled irnto one document. North-
west dres not forecast turbulence in a block

of airspace, but endeavors to pinpoint the
locatiens of turbulence more exactly. With
respect te the jet stream, if the pilot begins

to enccunter slight ckep when flying with the
stream, the rule is to turan right a few degrees
and the plare will fly out of the turbulent area.
Similarly, if the pilct begins to encounter a
slight chop when flying ccunter to the jet stream,
on the north side outside the jet stream where
turbuletce may be anticipated, the rule is turn
right and the plane will fly out of the turbulence.

Northwest considers the mountain wave action on
its routes in the northwest part of the country
more severe than in the more publicized areas of
the southwest. As has been previously stated,
United and Northwest are making a joint survey
of their routes in an effort to change the
routes sufficiently tc avoid mountain wave
generating ridges. In several instances changing
the route by not more than 20 miles will avoid
severe mountain wave generators. There are one
or two places, such as Helena, Montana which lie
directly in the lee of the generating ridge,
where route change is not possible because
landings and takeoffs must be corducted at these
points.

Although mountain wave turbulence generally

is encotuntered to the east of the generating

ridge because of the westerly wind pattern

in the northern Lemisphere, there are places,
notably Salt Lake, where northeast winds
occasionally produce severe turbulence over the
Great Salt Lake Valley to the west of the mountain
range.

Whenever the jet stream penetrates the tropo-
pause, the pilets can expect turbulence 4,000
feet below, and 5,000 feet above the area of
penetration. Just south of Tallahassee, Florida,
there is a gravity wave which is chronic in the
winter months whenever strong westerly winds are
blewing in the area.
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Northwest’s instructicons to its pilots are

to stay out of known turbulent air areas, and
to avoild flying in turbulence whenever possible.
Northwest is developing a technique for
aunticigating turbulent penetrations by watching
for erratic motions of the navigational dogppler
indicator needle.

Honeywell, Aeronautical Division

Dr. Paul Rosenberg visited Honeywell.
Dr. Sackett is the person at Honeywell to
contact for future CAT technical matters.

Honeywe1ll conducted an experimental study to

investigate molecular backscattering with a

ruby laser. Thzy were interested in the -
Tatarsky model. They used a chamber, 200 feet wE
long and 24 1nckes in diameter, containing baffles.
Receiving aperture was apprroximately 8" in
diameter, Turbulence was produced by heating %
elements, :

Honeyw=11 observed backscattering which was
close to Raleigh scattering: but the results
were incornclusive because the experimental
conditiens did not greclude the rossibility

of there being particulate matter in the
chamber to give particulate scattering. It
was suggested to Honeywell at this conference
that they might have investigated the back-
scattered radiation as a function of receiving
agperture, i.e. as a function of angle, and
thereby distinguish between some of the possible
types of scattering.

Honeywell also has conducted field tests at the
Minnearolis Airport, using a ruby laser of =
40 to 70 megawatts reak power, with a pulse
half-width of 10 to 20 nanoseconds. The re-
ceiver in the early experiments was 8 inches o
in diameter, and is now a 5-foot diameter

searchlight. Mention also was made of the -
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Honeywe L1-Cambridge Ressarch Labs experiments
at Colorado. Backscattered radiation was re-
received from clouds at ranges up to 30 miles.
However, the results are as yet inconclusive
with regard to CAT detection. Work coutinued
on this preoiect until June 1965 when the con-
tract exyired. (Horeywell's laser contract
with AF(RL is Ne. AF 197628)-2376).

Honeywell is =studyiag th> characteristics of
astopilots in turbul<nce, through computer
simuiation, with the end gurpose of developing

ar improved autcpilot which can handle turbu-
lence better than the human pilot {and better

than existing autopilots). Honeywell (like others)
believes it carrot simulate adequately the re-
actions of the buman pilot ia turbulence; hence
Hon=ywell's computer simulation studies have

dealt with autcrilnts only.

Horeywell is using a statistical model of
turbulent wind from NASA-Langley data in an
effort to determine how far ahead of the
aircraft (for example, 300 feet} an autcpilot
needs gust prediction in order to prepare for
a safe and comfortable penetration of the
turbulence. The theoretical possibility of
flying an angle-of-attack sensor at the end
of a bocm extending out in frcot of the air-
craft is being conrsidered.

Honeywell feels that an autopilot which is
properly designed for turbulence also will
function well as a general autopilot in non-
turbulent flight. In cother words, a two-position
switch (autepilot and manual) should suffice.
There need not be separate operating modes of

the autopilot for turbulent and non-turbulent
flight. o '

Honeywell is conducting an experimental research
program, supported by the Army Surgeon General,
to investigate the effect of laser beams upon
the eyesight of primates. The program is under
the direction of Dr. H. G. Sperling, and its
purpose is to determine the intensity, wave
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length, and duration parameters in relation

to both permanent retinal damage and temporary
flash blindness. Monkeys are trained to per-
form tasks requiring certain visual acuity,

and their performance is rated. Their eyes are
then reriodically exposed to laser radiation,
and the effect upon their performance is noted.

National Aeronautical Establishment, Uplands
Laboratories, Flight Research Section, Ottawa,
Canada.

(IATA Headquarters in Montreal recommended this
contact.)

Mr. A. D. Wood, Head of the Flight Research
Section, stated that most of the turbulent air
wcrk done by the personnel of Uplands lLaboratories
has been in the low-altitude regions, using an
F-86 and a T-33 instrumented with three accel-
erometers to get accelerations about the three
axes., Their interest is in the turbulence at
altitudes from 300 ft. to 1,000 ft. over rough
terrain. The roughness profile of the Laurentian
Mountains has been thoroughly measured. The in-
strumentation on the planes is adequate to obtain
the power spectrum of the turbulence.

Although Air Canada did not have recorders in-
stalled on its turbine-powered transports prior

to the Montreal DC-8 accident on November 29, 1963,
Air Canada now is installing recorders having

42 channels with a possible 250 channels available,
on all turbine-powered aircraft.

Another project of the Uplands Laboratories is
that of checking the flying qualities of heli-
copters for limiting design factors or turbu-
lence operations.

Since Air Canada operates DC-8's, the National
Aeronautical Establishment is very much inter-
ested in all DC-8 accidents and incidents.
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The T-33 is being used to simulate the maneuvers
of some of the DC-3 accidents, for example, the
accident at Dulles Airpert on 20 August 1963,
and one at Houston on 9 November 1963.

Dr. Marshall of McGill University is carrying
on a project cf cross-sectioning storms at
various altitudes at time intervals. Ob-
servations are being made, using 10-cm. and
5-cm. radar, with determination of hail as a
major part of this project. One radar set is
located in Moatreal, and one in Alberta.

Just before this conference terminated, I was
asked if there was any interest in an incident
which occurred on a flight test of a military
aircraft where vicleat high-speed buffet
temporarily incapacitated the crew. The details
of this experience tie in very closely with the
human factors work being done at Johnstown in
shaking pilots to determine the resonant period
of the eyeballs, and NASA's project in deter-
mining the resonant period cf large jet air-
craft. The details of this experience were
immediately repcrted by NASA through Mr. Aiken's
office, and the information passed on to the
NASA scientists working in this field.

The National Center for Atmospheric Research

at Boulder, Colorado is supported by the
University Corporation for Atmospheric Research,
whose membership is composed of 21 universities.
The Laboratory of Atmcspheric Sciences, toc which
this visit was made, is headed by Dr. William W,
Kellogg - Director. 1In his absence Dr. William
Jones, Ass't Dir., was visited.

This laboratory is carrving on two projects
which have a bearing on turbulence: 1) The
High Altitude Research Division doing work in
solar physics in the ionosphere; and 2) The
Laboratory for Atmospheric Sciences doing
meteorological research from the ionosphere down
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to €earth. Objectives are to study the large-scale
circulation of the atmosphere to develop long-range
forecasting, te develop more refined atmospheric
models, to study ths =ffects of radiation over
mountains, frictional forces of winds over

mountaisz areas, etc.

In a study of atmosgpheric physics and cloud physics,
a ruby laser is to be used to detect stratospheric
dust layers and density discontinuities. A study
also is to be made of the size of particulate matter
in the stratosphere.

.In the {loud Physics segment, drop-sonde methods

are to be used by dropping instrumentation through
thunderstorms to measure air currents, water droplet
size, temperatures at the various levels, etc. This
project was scheduled to start in June, 1965. The
drop-sonde instrumentation is to be monitored by
radar.

The laboratory planned to study the effects on
thunderstorm hail of shock waves produced by bombs.
The Italians are also carrying on a similar project.

During this interview, Dr. Jcnes stated that three
of their laboratory scientists show signs of minor
eye damage from lasers., This is in a form of
minute white scars on the retina. These are not
detectable by the naked eye, but require magnifi-
cation to be seen. This would indicate that the
threshold of retina damage is lower than previously
thought. The damage was done by a gas laser.

In the winter of 1966 the laboratory will have two
scientists studying mcuntain waves in relation to
surface winds.

This summer the laboratory worked on dynamics of
thunderstorms on a syncptic basis.
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Flight Safety Foundation, Teanth Business
Aircraft Safe*y Semirar, Denver, Colorado.

The proceedings of this cosference included
a paper cn "Atmosgheric Turbulence'", by
M. G. Beard.

Coloradc State Univers:ity, Fcrt Collins,; Colo.
Professor Elmar R. Reiter heads the Department
of Atmosgheric Sciences.

Dr. Reiter attended the International Colloquium
on "The Fine Scale Structure of The Atmosphere"
in Moscow, Russia, June 1965. The conference
was organized by the Inter-Union Committee on
Radio-Meteorology.

Dr. Reiter has been analyzirg Tiros pictures

in an attempt to aralyze flow over mountains to
see whether these pictures revealed mountain
waves. Normally, these pictures do not show
mountain waves too clearly. However, by looking
at the shadows on the Tiros gictures with the
sun in the right position, the cloud pattern

of the kigh-altitude clouds throws indicative
shadows on the lower altitude clouds which can
be seen in some pictures. Some jet streams
also can be determined in this manner. A study
is being made to see wnhether meountain waves can
be determined in a similar way.

In 1964 Dr., Reiter was attached to the British

and Australian groups in Australia, making
measurements of turbulence to obtain information
for plottirg the power spectral density for air-
craft design criteria. From the Australian

tests, the energy or amplitude of the wave lengths
of 2,000 ft. were measured. Jt is Dr. Reiter’s
theory that these long waves progressively
dissipate energy into smaller waves, and finally
into very short wave lengths of small scale turbu-
lence. The longer wave lengths have the basic
energy. These long waves break down into medium
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wave lengths which create the moderate to
severe turbulence which shakes aircraft.
Dr. Reiter believes these break down into
smaller eddies which dissipate into heat
through viscosity. Dr. Reiter states the
degenerated waves have little energy and do
not bother Jet transports.

Part of the purpose of the collogquium in Moscow
was to ftry to determine the nature of Clear Air
Turbulence.

Barnes Engineering Company, Stamford, Conn.
propose an adaptation of their Infrared
Atmospheric Thermometer {TRAT) for the detection
of CAT. This is based on the premise that
turbulence is often asscciated with temperature
discontinuities in the atmosphere of the order
of 3% to 5%c. Measuring the radiation omitted
at several wave lengths within an absorption
band can give a range indication.

At the suggestion of FAA, Barnes is considering
mounting their instrument on a mountain top in

the eastern part of the U. S., while an in-
strumented aircraft of Pennsylvania State University
(State College, Pa.) flies in the vicinity to
correlate the readings of the Barnes instrument
with aircraft measurements of turbulence and air
temperature. Barnes estimates that equipment for
these mountain-top tests could be made ready in
about two months. The company estimates they
could build a research instrument for aircraft
evaluation in four months; after which; evaluation
itself would probably take 6 months to a year.
Production prototypes could be made in another

6 months; with operational instruments ready for
installation in aircraft in 2 or 3 years if all
went well with the develcpment.

Barmnes has an AFCRL contract to build free air
thermometers for transonic military aircraft
(KC135 and two other planes). The "beam shape" of

"
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these thermometers is rectangular; a total of

6 degrees up-and-down: and a total of 15 degrees
left-and-right. The instrument is to be mounted
on an external pod.

Barres sfates that there is no fundamental limit-
aticn which would prevernt their airborne instrument
from eventually scaunning in azimuth and elevation
{(using rotating mirrors or equivalent 